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Description 

FIELD OF THE INVENTION 

[0001] The invention relates generally to an optical 
apparatus and pertains more generally to a system for 
producing an output beam having a preselected distri- 
bution of power and/or energy, while minimizing unde- 
sired intensity variations at the output plane caused by 
sharp breaks between facets. 

BACKGROUND OF THE INVENTION 

[0002] As noted in FR-A-2,71 6,726, a laser device 
generally produces a beam of coherent light that has a 
wavefront of relatively small cross-section. In spite of 
the small cross-section and the coherency of the beam, 
the wavefront of the laser typically has a nonuniform 
power distribution that is stronger in the center than at 
the outer edges. The power variation may be between 
five and ten percent. Furthermore, to make use of the 
beam, it is often necessary to expand the cross-section- 
al area of the beam, thereby spreading the non-uniform- 
ity across a larger wavefront. 

[0003] When conventional lenses are used to expand 
the beam, the non-uniform power distribution of the 
wavefront is carried through to the expanded beam. In 
addition, the non-uniformity of the beam becomes more 
apparent as the wavefront is now expanded over a 
greater cross-sectional area. This non-uniformity is of- 
ten detrimental to the performance of a system utilizing 
the beam as the system must be designed for some av- 
erage level of beam power or another approach would 
be to somehow strip the beam of its lesser power outer 
portions, possibly through the use of an aperture. Nei- 
ther of these alternatives enable optimum use of the 
beam's power and it is very difficult to achieve a uniform 
power distribution, such as the plus or minus one per- 
cent variation that is often desired, by way of conven- 
tional lens systems. 

[0004] Holographic elements have been created to 
function as conventional bulk optical elements. In these 
cases, the holographic element, whose orientations and 
spatial periods are correct for the purpose of diffracting 
the incident wavefront into a desired output location pat- 
tern, shape or image. However, when built to function 
as a basic lens, these holographic elements would also 
carry the nonuniform power distribution through to the 
output pattern, shape or image, thereby also inefficiently 
using the power of the optical source. 
[0005] The problem of how to compensate for wave- 
fronts having a nonuniform power distribution is ad- 
dressed U.S. Pat. No. 4,547,037. In this patent disclos- 
es a multi-faceted holographic element which redistrib- 
utes the light energy of an incident beam onto a second 
plane disclosed. This is accomplished by constructing 
each facet as an individual hologram or diffraction grat- 
ing. Each facet is sized to be inversely proportional to 



the intensity of the portion of the beam incident there- 
upon to assuring that substantially the same amount of 
power passes through each facet The light transmitted 
through each facet is diffracted to arrive at different lo- 
5 cations on a second plane, relative to their locations in 
the holographic element. Each of the subholograms or 
diffraction gratings either expand or contract the portion 
of the incident beam passing therethrough to illuminate 
equal, but different, areas on the second plane, thereby 

io producing an output beam at the second plane with a 
wavefront of nearly constant intensity 
[0006] A problem with devices incorporating the 
teachings of the '037 patent is that if the power distribu- 
tion of the incident beam upon the surface of the holo- 

15 gram deviates from the design parameters, then the 
power distribution of the output beam at the second 
plane will be similarly affected and thus no longer uni- 
form. In optical systems, there are many causes for such 
deviation in the power distribution of the incident beam 

20 could occur. For example, power fluctuations due to the 
age of the components, or simply the replacement of the 
source due to failure. In addition, any misalignment with- 
in the system due to shock or age will produce an output 
wavefront having a non-uniform power distribution. 

25 [0007] What is needed is an relatively inexpensive 
way to convert an incident optical beam having a wave- 
front with a non-uniform spatial energy distribution to an 
output beam having a substantially uniform spatial en- 
ergy distribution that is relatively insensitive to fluctua- 
te tjons in positioning of the incident beam and spatial en- 
ergy distributions within the incident beam. 
[0008] Further, what is needed is a relatively inexpen- 
sive way to convert an incident optical beam having a 
wavefront with a non-uniform spatial energy distribution 

35 to an output beam having a preselected spatial energy 
distribution using a hologram that does not have regular 
breaks between facets in order to better minimize the 
intensity variations on the output plane caused by reg- 
ular breaks between facets. 

40 [0009] Further, what is needed is a relatively inexpen- 
sive way to convert an incident optical beam having an 
arbitrary wavefront to an output beam having preselect- 
ed attributes, including preselected angular spread, 
such that the output beam is useful in photolithography. 

45 Photolithographic exposure systems are used to image 
the pattern of a mask onto a wafer for the purposes of 
exposing resist, or photoresist, on the wafer in a pre- 
determined. pattern. Subsequent processing of the wa- 
fer results in the completion of layers that eventually 

50 form the desired device, such as an integrated circuit. 
[0010] When the mask is used in a projection lithog- 
raphy system, such as a laser stepper with a 5:1 or 10: 
1 reduction ratio, the mask is often referred to as a ret- 
icle. The reticle or mask is typically formed by chrome 

55 regions on a transparent substrate. The chrome regions 
of the mask block the incident light, thereby imposing 
the pattern ol the mask as an intensity variation on the 
light In a 5x laser stepper, the pattern of the reticle is 
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reduced by a factor of 5 as imaged onto a wafer. Typi- 
cally, in this application, the beam illuminating the dif- 
fractive is relatively uniform and has a rather narrow 
cone angle of divergence, i.e., limited spatial and angu- 
lar energy distributions. 

[0011] While masks and reticles control the intensity 
ot light on the wafer, there is a need for an element that 
controls the angular distribution of the light on the wafer. 
By modifying the particular angular distribution of the 
light illuminating the wafer, one can extend the depth of 
the field and resolving power of photolithographic expo- 
sure systems. This element should ideally be inexpen- 
sive and relatively insensitive to fluctuations in position- 
ing of the incident beam and to fluctuations in the spatial 
energy distributions of the incident beam. 
[0012] Moreover what is needed is a relatively inex- 
pensive way to convert a collimated incident optical 
beam having a wavefront with non-uniform spatial en- 
ergy distribution to an output beam having a preselected 
spatial energy distribution, or a preselected beam 
shape, that is relatively insensitive to fluctuations in po- 
sitioning of the incident beam and spatial energy distri- 
butions within the incident beam. Additionally, what is 
needed is a relatively inexpensive way to convert an in- 
cident optical beam having a wavefront with non-uni- 
form spatial energy distribution to an output beam hav- 
ing preselected attributes, such as spatial energy distri- 
bution, or a preselected beam shape, or a preselected 
angular energy distribution, that is relatively insensitive 
to fluctuations in positioning of the incident beam and 
spatial energy distributions within the incident beam. 

SUMMARY OF THE INVENTION 

[0013] The invention is a beam homogenizer system 
for converting an input beam having a non-uniform spa- 
tial energy distribution into an output beam having a 
preselected spatial energy distribution at an output 
plane while minimizing the intensity variation caused by 
breaks between sub-holograms. An input beam illumi- 
nates at least some of an array of computer generated 
sub-holograms whose size is determined independently 
of the intensity of the portion of the input beam incident 
thereupon, and being relatively insensitive to fluctua- 
tions in positioning of the input beam for incidence there- 
upon. Each sub-hologram diffracts a majority of the por- 
tion of the input beam incident thereupon so that at a 
target located at the second plane, the portion of the 
input beam diffracted by each of the illuminated sub- 
holograms overlaps the portion diffracted by at least one 
other illuminated computer generated sub-hologram to 
form an output beam. The intensity of the output beam 
is substantially equalized over a entire target. The out- 
put beam has a preselected angular spread and the tar- 
get corresponds to a preselected spatial energy distri- 
bution desired at the output plane. 
[0014] Additionally, the invention comprises a beam 
homogenizer system for converting an incident beam 



having an arbitrary spatial energy distribution into an 
output beam having preselected spatial energy distribu- 
tion at an output plane spaced from the homogenizer 
while minimizing the intensity variation caused by 
5 breaks between sub-holograms. An array of sub-holo- 
grams designed with an iterative encoding method such 
that each sub-hologram has irregularly shaped diffrac- 
tive fringes, and such that portions of incident beam dif- 
fracted by several of said sub-holograms overlap at the 

70 output plane, whereby the output beam has a preselect- 
ed spatial energy distribution that is relatively insensitive 
to fluctuations in positioning of an input beam for inci- 
dence on the homogenizer and to spatial energy distri- 
butions within the incident beam. Each sub-hologram 

15 transmits a beam with a preselected angular spread. 
The output beam has a preselected spatial energy dis- 
tribution desired at the output plane. 
[0015] Additionally, the invention is a beam homoge- 
nizer system for converting an incident beam having an 

20 arbitrary spatial energy distribution and limited angular 
energy distribution into an output beam having a prese- 
lected angular energy distribution while minimizing the 
intensity variation caused by breaks between sub-holo- 
grams. An array of sub-holograms, each of said sub- 

25 holograms having irregularly shaped diffractive fringes, 
and each of said sub-holograms containing pixels that 
exhibit phase skipping and the light diffracted by at least 
two of the sub-holograms overlap in the output plane to 
form an output beam. The output beam has a preselect- 

30 ed angular spatial energy distribution that is relatively 
insensitive to fluctuations in positioning of an input beam 
for incidence on said homogenizer and spatial energy 
distributions within the incident beam. The output beam 
has a preselected spatial energy distribution and/or a 

3S preselected angular energy distribution. 

[0016] Additionally, the invention is a beam homoge- 
nizer for converting an input beam of non -uniform spatial 
distribution into an output beam of a more-uniform dis- 
tribution. A computer-generated hologram in the inven- 

40 tion has a phase-transmittance pattern. The Fourier 
Transform of the phase-transmittance pattern is uniform 
over a preselected angular region. The pattern is made 
up of one or more binary phase elements. 
[001 7] Additionally, the invention is a system for mod- 

45 jfyjng the angular spread of an incoherent or partially 
coherent beam of light. An incident beam propagating 
with a cone angle is diffracted by a diffractive diffusing 
element into a range of preselected angles. These an- 
gles are determined by or dictated by the cone angle of 

so the incident beam and the Fourier Transform of the dif- 
fusing element. 

[001 8] Additionally, the invention is a photolithograph- 
ic-optical system. An input beam illuminates a diffractive 
diffusing element. The diffractive diffusing element illu- 
55 minates a mask by the element's transmission of an out- 
put beam at a preselected angular distribution. 
[0019] It is an object of this invention to convert an 
incident optical beam having a non-uniform spatial en- 
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ergy distribution to an output beam having uniform spa- 
tial energy distribution at an output plane. 
[0020] it is a further object of this invention to convert 
an incident beam having a non-uniform spatial energy 
distribution into an output beam having a preselected 
spatial energy distribution of a preselected shape at an 
output plane spaced from the homogenizes 
[0021] It is a feature of this invention that the homog- 
enizer is a hologram and each of the facets are subholo- 
grams. It is yet another feature of this invention that the 
subho log rams are designed to minimize interference ef- 
fects at the output plane between the light transmitted 
through the facets. 

[0022] It is a feature of this invention that the incident 
beam having a non-uniform spatial energy distribution 
is converted into an output beam having a preselected 
spatial energy distribution at an output plane spaced 
from the homogenizer while minimizing the intensity var- 
iation caused by breaks between facets. It is a further 
feature of thisinvention that an incident beam having a 
non-uniform spatial energy distribution is converted into 
an output beam having a preselected spatial energy dis- 
tribution of a preselected shape at an output plane 
spaced from the homogenizer. 
[0023] It is an advantage of this invention that the ho- 
mogenizer may be developed by computer generation 
techniques and may be fabricated relatively inexpen- 
sively. It is another advantage of this invention that the 
homogenization is relatively insensitive to fluctuations 
in the power density of the incident beam. It is a further 
advantage of this invention that the intensity of the out- 
put beam is substantially insensitive to the location the 
incident beam falls on the homogenizer. 
[0024] It is a further advantage of this invention that it 
can convert an incident beam having a non-uniform spa- 
tial energy distribution into an output beam having a 
preselected spatial energy distribution at an output 
plane spaced from the homogenizer while minimizing 
the intensity variation caused by breaks between facets. 
It is a still further advantage of this invention that the 
invention can convert an incident beam having a non- 
uniform spatial energy distribution into an output beam 
having a preselected spatial energy distribution of an ar- 
bitrary preselected shape at an output plane spaced 
from the homogenizer. 

[0025] It is a still further advantage of this invention 
that it can convert an incident beam having arbitrary 
spatial energy distribution and limited angular energy 
distribution into an output beam of preselected angular 
energy distribution or of preselected shape at an output 
plane spaced Irom the homogenizer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] The present invention will now be described by 
way of example with reference to the accompanying 
drawings in which: 



• FIG. 1 shows the spatial energy distribution of a 
beam incident upon a homogenizer of related prior 
art FR-A-2,71 6,726, and how the portions of the in- 
cident beam that are transmitted through the ho- 
s mogenizer are constituted at an output plane to pro- 
duce an output beam having a substantially uniform 
power distribution. 

FIG. 2 shows the spatial energy distribution of an 
incident beam that is typical of an excimer laser in- 
fo cident on a homogenizer and the resulting output 
beam. 

FIG. 3 shows yet another spatial energy distribution 
of an incident beam that is typical of a Nd:YAG laser 
incident on a homogenizer and the resultant output 
is beam. 

FIG. 4 shows the spatial energy distribution of an 
input beam incident upon a homogenizer of the 
present invention, how the homogenizer has irreg- 
ularly patterned plateaus and vias, and how the por- 
20 tions of the incident beam that are transmitted 
through the homogenizer are constituted at an out- 
put plane to produce an output beam having a sub- 
stantially stable power distribution and having a 
preselected power distribution shape of a circle. 
25 FIG. 5A shows a hologram having multiple facets 
and showing the sharp breaks between facers. 
FIG. 5B shows a close-up view of the hologram 
shown in FIG. 5A such that the sharp breaks be- 
tween facets are seen in greater detail. 
30 FIG. 6 shows the transmission of a beam with a 
preselected angular spread of 20 degrees from a 
facer area to the output plane. 
FIG. 7 shows a magnified view of the hologram 
shown in FIG. 4, showing the irregularly patterned 
35 plateaus and vias, and showing the 4 x 4 array of 
facets areas of arbitrarily shown size, and showing 
that the facers are not repeated patterns and exhibit 
no discontinuities at facet boundaries. 
FIG. 8 shows a circular target pattern, this is, a 
40 preselected power distribution pattern in which the 
spatial power is distributed at the output plane in a 
circle with relatively no distribution around that cir- 
cle. 

FIG. 9 shows a doughnut-shaped pattern at the out- 
45 put plane, that is, a preselected power distribution 
pattern in which the spatial power is distributed at 
the output plane such that a relatively non-illuminat- 
ed circular area is surrounded by a ring of illuminat- 
ed area, which is in turn adjacent to a relatively non- 
50 illuminated area. 

FIG. 10 is a side-view showing the present invention 
in used in a photolithography system. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

55 

[0027] A configuration of related prior art document 
FR-A-2,71 6,726 is shown in FIG. 1. An optical beam is 
incident on a homogenizer 1 0 having an array 11 of fac- 
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ets 12. Each of these facets is constructed to direct any 
portion of an optical beam 14 incident theron uniformly 
over an entire target 16 at an output plane of 18. As the 
portion of the incident beam transmitted through each 
of the facets 12 (shown illustratively as 20a and 20b) 
overlap at the target 16, the incident optical beam is 
mixed, thereby homogenizing the discrete portions of 
the incident beam 14 that are the transmitted through 
each facet 12. This homogenization assures that at the 
target 16 there is a uniform mix of the incident beam 14, 
such that at the output plane 1 8 the output beam 22 has 
a uniform power distribution 24. The homogenization 
process averages the power of the incident beam 14 
with some losses due to inefficiencies. 
[0028] The incident optical beam 14 emanates from 
an optical source (not shown), such as a laser, and is 
preferably in a collimated state, the spatial energy dis- 
tribution of the incident beam may take on various forms, 
some of which are illustrated in FIGS. 1-3. The incident 
optical beam 14 may be transferred to the homogenizer 
1 0 from the optical source and collimated by way of con- 
ventional bulk optical elements, such as lenses and mir- 
rors, or through the use of holographic elements that 
produce the same results as conventional optical ele- 
ments. Typically, the incident beam 14 has a power dis- 
tribution 26 that may have a significant intensity varia- 
tion across its cross-section. In some sources the inten- 
sity distribution 26 variation could be between five per- 
cent and ten percent. In addition, as the optical source 
ages or the power supply driving the optical source fluc- 
tuates, the power distribution 26 of the incident beam 
1 4 may also change. The beam homogenizer 10 is con- 
structed to blend the incident optical beam 1 4 so that at 
the target 1 6 of the output plane 18 the output beam 22 
will have an essentially uniform power distribution 24, 
independent of any variation in the power distribution 26 
of the incident beam 1 4 and regardless of slight variation 
in where the incident beam 1 4 falls on the array 1 1 . The 
power distribution 24 at the target 16 will be essentially 
an average of the power uniformity over each facet 12 
ratherthan the power uniformity 26 of the incident signal 
14. 

[0029] The beam homogenizer 1 0 in this embodiment 
is a holographic element and the facets 1 2 are sub-holo- 
grams, shown in the FIGURE as a M X N linear array of 
equal sized sub-holograms. It is also envisioned that the 
sub-holograms may be of different sizes. These sub- 
holograms 12 are constructed to diffract any portion of 
the incident optical beam 14 that is incident thereupon 
over the entire target 1 6 at the output plane 1 8. Each of 
these sub-holograms 12 is a distinct diffractive grating 
that will direct the portion of the incident beam 14 over 
the entire target 16. Due to the number of fringes or pix- 
els, which would approach eighty lines per millimeter (60 
lines/mm) for the sub-holograms 1 2 in the particular im- 
plementation described below, these fringes have been 
omitted from the drawing for the sake of clarity In addi- 
tion, the homogenizer 10 is shown as a four-by-four ar- 



ray 11 for clarity of illustration and ease of description, 
while in reality, a described below, there may be sub- 
stantially more sub-holograms 12. or facets, making up 
the homogenizer 10. 
s [0030] One way of fabricating holograms is by creat- 
ing an interference pattern among coherent light beams 
on a photographic plate and then developing the plate. 
Interference based holograms contain internal features 
which produce the interference fringes, making mass 

10 production at this time difficult. 

[0031 ] In order to overcome the production problems 
associated with interference based holograms, Compu- 
ter Generated Holograms (CGH) have been developed. 
CGH's may be developed by calculating the desired ho- 

*5 lographic pattern and then, based upon the given con- 
struction conditions, mathematically working backwards 
from that pattern, or reconstructed wavef ront, to the par- 
ticular hologram required. Several iterative CGH encod- 
ing methods have been developed to take advantage of 

20 the increased performance of computers to develop 
CGHs with significantly higher performance than holo- 
grams developed using other mathematical techniques. 
[0032] CGHs are usually surface-relief in nature and 
CGHs are formed using photolithographic, etching, 

25 electron-beam writing or other techniques. The elec- 
tron-beam technology provides resolution close to that 
of optical film, but contains amplitude and phase quan- 
tization levels that are much coarser. Photolithographic 
procedures can provide multilevel holograms; however, 

30 alignment error between layers increased with the 
number of layers. 

[0033] Note that the major difference between the 
configuration of FR-A-2,71 6,726, and that of U.S. 
4,547,037 is that in the latter, the light illuminating each 

35 facet is directed to a different location in the output 
plane. On the other hand, in FR-A-2,71 6 : 726 and in the 
present invention, light from many facets will overlap in 
the output plane. While the advantages of this feature 
were explained earlier, the disadvantage of this feature 

40 is that in locations in the output plane where light from 
several facets overlap, coherence effects can cause in- 
terference patterns to arise that could cause large fluc- 
tuations in the laser intensity profile, if the holograms 
are not specifically designed to avoid this problem. For 

45 example, if the subhologram were designed independ- 
ently, and the size of each subhologram was made 
smaller than the spatial coherence width of the laser 
source, then the coherence effects could cause large 
bright and dark fringe patterns in locations where the 

50 |jght from several facets overlap. 

[0034] This problem can be reduced by designing the 
subholograms with an iterative encoding method such 
as Iterative Discrete On-axis (IDO) encoding. This meth- 
od is more fully described in the publication entitled It; 

55 erative Encoding of High-Efficiency Holograms for Gen- 
eration of Spot Arrays , Optics Letters, Vol. 14, pp. 
479-81 1989 by co-inventor Feldman et aL the disclo- 
sure of which is hereby incorporated by reference. Brief- 
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ty, the hologram is divided into a two-dimensional array 
of rectangular ceils and transmittance values for each 
cell is chosen and then optimized until an acceptable 
image is obtained. During the optimization process, the 
image, including interference effects between different 
facets, are monitored. The transmittance values for 
each cell is chosen to not only spread the light illuminat- 
ing each facet over a large portion of (or the entire) out- 
put plane, but also to minimize the interference effects 
among the facets. Since on-axis encoding does not re- 
quire a carrier wavefront for the hologram to function, 
these holograms can produce CGH's with much higher 
diffraction efficiencies than off-axis methods which do 
require a carrier wavefront. This is because holograms 
have a practical upper limit to the available Space-Band- 
width Product (SBP), or information contained in the 
CGH, that can be used to encode the desired image. 
When no information is required for a carrier wavefront, 
more information may be encoded relative to the desired 
image. It may- also be desirable to use the encoding 
method described in U.S. Pat. No 5,202,775 titled Ra- 
dially Symmetric Hologram and Method of Fabricating 
the Same which is also incorporated herein by refer- 
ence. One usual characteristic of iterative encoding 
methods such as I DO and RSI DO is that of "phase skip- 
ping." Phase skipping, described also in U.S. patent 
5,202,775 occurs when two adjacent CGH pixels have 
phase levels that differ by more than one phase level 
but less than by N-1 phase levels. Note that phase skip- 
ping does not occur when binary or multi-level gratings 
are employed such as those described in U.S patent 
4,547,037. 

[0035] In applying the IDO method to the design of 
each sub-hologram 12. it is important to keep the dif- 
fraction angles small so that a high efficiency CGH, with 
physically realizable features, can be developed based 
on the short wavelength of the incident optical beam 14. 
For this particular example, the incident optical beam 1 4 
is assumed to have an elliptical form of 2.5 cm by 1 cm 
(centimeter) with a wavelength of 30Bnm ± 1 nm (na- 
nometer). The target 16, or output beam 22, could take 
on a number of shapes including circular or square and 
in particular in this described example the diameter at 
the output plane 18 is selected to be 1 .5 cm. Under these 
conditions the maximum deflection angle of the beam 
homogenizer 10 will be 2.9° if the spacing between ho- 
mogenizer 10 and the target 16 on the output plane 18 
is 20 cm. 

[0036] With the maximum CGH deflection angle being 
2.9° : a maximum spatial frequency of 160 Ip/mm (line- 
pairs/millimeter) is required. In order to have an eco- 
nomical use of the optical power of the source, in this 
case a laser (not shown), the CGHs that make up the 
homogenizer must have high diffraction efficiency. A dif- 
fraction efficiency of approximately 80% to 90% would 
be obtainable if the CGH spatial frequency is 600 Ip/mm, 
or approximately four times the maximum spatial fre- 
quency required. The CGH spatial frequency of 800 lp/ 



mm corresponds to a CGH minimum feature size ol 
0.6u/n (micrometer). 

[0037] A further requirement to enable the CGH to 
have the high efficiency needed for economical use of 
s the power of the incident beam is that the SBP (Space 
Bandwidth Product) of each sub-hologram be greater 
than or equal to 1 28 x 1 28. SBP is the number of pixels 
in the subhologram. It is also a measure of degrees of 
freedom. In general, a large number of degrees of free- 

10 dom are needed to implement arbitrary optical functions 
with high efficiencies. This places a lower boundary on 
the dimensions of each of the subholograms of 77|im X 
77u,m. With the dimensions of each subhologram set to 
1 00|im X 1 0Ou/nA a 1 00 X 1 00 facet array is of sufficient 

15 size to be used with the beam of the present example. 
These particular parameters yield a SBP of 167 X 167 
well above the projected minimum SBP of 128 X 128 
required for a diffraction efficiency between 80-90%. 
The calculated final diffraction efficiency for this device 

20 is projected to be between 85% and 95%. 

[0038] The transmittance 20a,20b of each sub-holo- 
gram 12 will cover the entire target 16 at the output plane 
1 8 and form the homogenized output beam 22. It is an- 
ticipated that the output beam 22 diameter will be 1.5 

25 cm X 1.5 cm. In this case the output beam 22 is of a 
smaller diameter than the input beam 14. It would also 
be possible for the output beam 22 to be expanded by 
the homogenizer 10 such that the target 16 will have a 
larger cross-section than the input beam 1 4 or any ar- 

30 bitrary profile desired. 

[0039] The output plane 18 represents an area in 
space rather than any particular element. It would be 
possible to place a bulk optical element, an optical fiber, 
another hologram, an active device or any other appa- 

35 ratus that would make use of the output beam, such as 
a blocking mask or an object to be illuminated. One such 
application would be to incorporate an optical element 
at the output plane 18 that would enable the output 
beam to be used in laser cutting machines. In the ab- 

40 sence of the homogenizer 1 0, a beam used in laser cut- 
ting applications has the intensity distribution of the in- 
cident beam 24 or a significant amount of the power of 
the incident beam will be lost by passing the beam 
through an aperture. As shown in FIG. 1, the wavefront 

45 of the incident beam has a higher power center section, 
or "hotspot", that will cut through material faster than the 
lesser power outer fringe section. This makes for less 
accurately cut edges since the edge would take on a 
shape that approximates the reciprocal of the wavefront 

50 of the incident beam power distribution. The power dis- 
tribution of the output wavefront at the target illustrates 
the crisp power difference between off-target and on- 
target intensities of the homogenized beam. With the 
homogenized power distribution of the homogenized 

55 beam, cutting occurs more uniformly across the output 
beam to produce a more accurate edge. 
[0040] An embodiment of the present invention is 
shown in FIG. 4. This embodiment, like the configuration 
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previously described above regarding FR-A-2, 7 16,726, 
homogenizes the spatial power distribution at the output 
plane. In accordance with the present invention, how- 
ever the sharp edges or breaks between facets are 
eliminated, thus eliminating intensity variation at the out- 
put plane caused by such sharp edges or breaks. While 
EP-A-744,664 discloses randomly orienting cells in an 
array, there is no disclosure regarding the structure of 
the fringes within the cells or the continuity of fringes 
across the cells. The embodiment shown in FIG. 4 also 
transmits the beam incident upon the homogenizer at a 
preselected angular spread or angular divergence. Al- 
so, the embodiment shown in FIG. 4 illuminates prese- 
lected, shaped target areas at the output plane. Another 
way to describe or designate the preselected, shaped 
target area is that it is a preselected spatial power dis- 
tribution at the output plane. Still another way to de- 
scribe it is that it is a shaped pattern beam at the output 
plane. All of the design and manufacturing methods and 
features described for use with FR-A-2 : 71 6,726 are 
equally applicable to the embodiment shown in FIG. 4. 
[0041] Sharp edges or breaks 48 between facets 1 2, 
as seen in FIG. 1, FIG. 2 and FIG. 3, are structure on 
the homogenizer. Fl G. 5A shows a hologram 46 in which 
sharp edges or breaks 48 between facets 1 2 can be 
clearly seen. FIG. 5B shows a close-up view of the sharp 
edges or breaks 48 between the facets 12 of the holo- 
gram 46 shown in FIG. 5 A. Note additionally that inter- 
action between diffractive fringes, made up of plateaus 
50 (shown as white areas) and vias or valleys 52 (shown 
as black areas) in the preferred embodiment, at the edg- 
es of the facets created some undesired structure at the 
output plane. 

[0042] Such structure 48 on the homogenizer causes 
some undesired diffraction of the input beam incident 
upon the homogenizer. Regularly patterned, or regularly 
repeated, such structure diffracts the incident beam 14 
such that undesirable distinct, repeated intensity varia- 
tion in the spatial power distribution appears in the out- 
put beam at the output plane. 

[0043] The embodiment shown in FIG. 4 removes 
such sharp edges or breaks and thusly minimizes the 
intensity variations caused by such edges or breaks. 
The embodiment shown in FIG. 4 replaces the regularly 
patterned facet array 1 1 of previous embodiments with 
a optical instrument 54, such as a hologram, having ir- 
regularly patterned diffractive fringes 70 or diffractive 
gratings. The diffractive fringes 70 of the preferred em- 
bodiment are made up of plateaus 50 (shown as white 
areas) and vias or valleys 52 (shown as black areas), 
and the diffractive fringes will be referred to herein by 
reference to plateaus and vias. One of ordinary skill in 
the art of this invention will recognize the construction 
of holograms of plateaus and vias lhat approximate 
lenses. United States Patent No. 4.895,790 discloses 
the construction of optical elements having plateaus and 
vias, and the disclosure of that patent is incorporated 
herein. Also, United States Patent No. 5 202775 dis- 



closes a method of fabricating holograms and the dis- 
closure in that patent is incorporated herein. 
[0044] A homogenizer comprising a hologram having 
irregularly patterned plateaus 50 and vias 52 no longer 

s has regular sharp edges or breaks to cause undesired 
regular and repeated intensity variation on the output 
plane. This is shown in FIG. 4. 
[0045] Facet area, for purposes of the invention 
shown in FIG. 4, refers to an area of arbitrarily designat- 

?0 ed size on the hologram 54. It is used as a convenient 
way to refer to an area of irregularly shaped or patterned 
diffractive fringes (irregularly shaped or patterned pla- 
teaus and vias in the preferred embodiment) on the 
hologram. A hologram has at least two facet areas. In 

15 the preferred embodiment, no two facet areas 56 con- 
tain a pattern of plateaus 50 and vias 52 that are alike. 
Another convenient way to refer to an area of irregularly 
shaped plateaus and vias on the hologram is to refer to 
the area as a facet. The pattern within one facet is nom- 

20 jnally correlated to itself and nominally uncorrelated to 
the pattern in all other facets. Therefore, each facet with- 
in the hologram directs light to the entire target area of 
the output plane. 

[0046] An enlarged, frontal view of the hologram 54 

25 of FIG. 4 is shown in FIG. 7. The hologram 54 of FIG. 7 
(and the hologram 54 of FIG. 4) have been arbitrarily 
designated to have an array of facet areas, or facets, 56 
of 4 x 4 as shown by dotted lines in FIG. 7, These dotted 
lines are not structure on the hologram, but are used to 

30 designate a facet area or a facet of this embodiment, 
which is a convenient way to refer to an area of the holo- 
gram 54 of this embodiment. Each facet area 56 has 
irregularly patterned plateaus 50 and vias 52. No sharp 
edges or breaks appear between facet areas 56. The 

35 dotted lines are shown designating only one of the six- 
teen facet areas 56 in FIG. 4 because the dotted lines 
designating the other fifteen would be hard to see and 
would confuse if shown in FIG. 4. 
[0047] Referring to FIG. 4, when the incident optical 

40 beam, preferably a collimated beam, illuminates the fac- 
et areas, or facets, 56 of the hologram 54, the irregularly 
patterned plateaus 50 and vias 52 provide no regular, 
undesired structure to transmit regular, undesired inten- 
sity variation (not shown) in the output plane 18. An ad- 

45 ditional advantage of the present embodiment is that de- 
parting from designing each individual facet 56 to de- 
signing facet areas or entire holograms provides greater 
freedom of design that allows the designerto reduce un- 
desired intensity variation in the output plane by making 

50 adjustments to the plateaus 50 and vias 52, whereas 
the sharp breaks or edges of the discrete facet embod- 
iment provided much less design freedom in relation to 
those sharp breaks or edges. An additional advantage 
of the present embodiment is that departing from de- 

55 signing each individual facet 56 to designing facet areas 
or entire holograms provides greater freedom of design 
that allows greater freedom to create output beams of 
arbitrary shapes, such as rings and cross-hairs. 
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[0048] In the embodiment shown in FIG. 4, a collimat- 
ed input beam 14 illuminates a facet area 56, and the 
facet area 56 transmits transmittal beams 20c, 20d hav- 
ing a preselected angular spread 32. Those of ordinary 
skill in the art of this invention are familiar with angular 
spread. Angular spread, or angular divergence, is the 
increase in nominal beam size over a finite propagation 
distance expressed as an angle in radians or degrees. 
In any given facet area 56, the plateaus 50 and vias 52 
diffract the input beam 14 such that the transmitted por- 
tions 20c, 20d of the input beam 14 have a preselected 
angular spread. The angular spread provided by a facet 
area 56 is selected by the designer of the hologram 54 
such that a desired output beam is transmitted to the 
output plane. Preferably, the designer can preselect an 
angular spread of from plus/minus zero to plus/minus 
ninety degrees. In FIG. 6, a facet area 56 (shown in side 
view) illuminated by a portion of the input beam 14 is 
shown providing an angular spread 32 of plus/minus 
twenty degrees for beams 20e, 20f transmitted to the 
output plane 18. 

[0049] The choice of angular spread depends upon 
the application for which the beam homogenizer is used 
and the desired output beam. The angular spread is se- 
lected by the designer as needed for the application at 
hand. For example, an illumination system for machine 
vision may require uniform illumination across a 10 de- 
gree x 1 5 degree rectangular area. The designer would 
chose angular spread for the beam homogenizer to ob- 
tain such a desired illumination. 
[0050] With a facet area 56 that transmits a beam with 
a predesigned angular spread, the designer can control 
the angle over which the transmitted light 20c, 20d, 20e, 
20f is spread. Preferably, the facet areas 56 of the holo- 
gram 54 provide angular spread such that the target ar- 
ea 1 6 illuminated 34 on the output plane 1 8 is larger than 
the illuminated facet areas 56. 
[0051] In the embodiment shown in FIG. 4, the holo- 
gram 54 is designed such that a preselected target area 
16 of the output plane 18 is illuminated. The embodi- 
ment shown in FIG. 4 homogenizes spatial power over 
that preselected target area. That is, the embodiment 
provides a constant, preselected power distribution at 
the output plane even if the power distribution of the in- 
cident beam upon the surface of the hologram deviates 
from design parameters. 

[0052] The designer can choose any particular shape 
for the target area 16. The designer designs the pla- 
teaus 50 and vias 52 such that a target pattern 16 of a 
desired shape may be projected upon the output plane 
1 8 from the hologram 54. The spatial frequency content 
of the hologram is designed to produce a desired pat- 
tern. That is, the size and orientation of the plateaus 50 
and vias 52 are designed to produce a desired pattern. 
Preferably, the design takes place using a computer. 
[0053] In the embodiment, the facet areas 56 transmit 
portions 20c : 20d of the input beam 14 at predeter- 
mined, designed angular spreads. By transmitting light 



at various, predetermined angular spreads, the facet ar- 
eas 56 of the hologram 54 projects spatial power in pre- 
determined target patterns 16 onto the output plane 18. 
Essentially, a target pattern is made up of illuminated 

5 areas 34 of the output plane 18 adjacent to non-illumi- 
nated areas 36 of the output plane 1 8. The hologram 54 
is designed such that the spatial energy is transmitted 
to predetermined target areas 34 of the output plane and 
relatively no spatial energy is transmitted to other pre- 

io determined areas 36 of the output plane 18, thus pro- 
jecting a predetermined target pattern 1 6 onto the output 
plane 18. 

[0054] The target pattern shown in FIG. 4 is a circular 
pattern. This pattern is shown in a front view in FIG. 8. 

'5 In FIG. 8, a circular target pattern 16, that is, a prese- 
lected power distribution pattern in which the spatial 
power is distributed at the output plane 1 8 in a circle with 
relatively no distribution around that circle, is shown. 
That is, FIG. 8 shows a preselected power distribution 

20 pattern in which spatial power is distributed at the output 
plane 18 such that an illuminated circular area 34 is sur- 
rounded by a relatively non-illuminated area 36 at the 
output plane 18. The pattern shown in FIG. 8 was pro- 
duced by the hologram shown in FIG. 7. 

2S [0055] Other patterns, such as the one shown in FIG. 
9, can be selected by the designer of the homogenizer 
10 for projection. FIG. 9 shows a doughnut-shaped tar- 
get pattern 16 at the output plane 18. That is, FIG. 9 
shows a preselected power distribution pattern in which 

30 the spatial power is distributed at the output plane 18 
such that a relatively non-illuminated circular area 36 is 
surrounded by a ring of illuminated area 34, which is in 
turn adjacent to a relatively non-illuminated area 36. 
Non-circular patterns, such as the shape of a flower or 

35 rectangle, may also be chosen. 

[0056] The homogenizer 10 projects patterns having 
uniform spatial power on illuminated areas 34 of the out- 
put plane 1 8. The patterns 1 6 shown in FIG. 8 and FIG. 
9 have relatively uniform spatial power over their illurni- 

40 nated areas 34. 

[0057] The embodiment shown in FIG. 4 is highly use- 
ful for photolithography. Photolithography is essentially 
the process of exposing patterns in a photoreactive me- 
dia. This process is used to fabricate integrated circuits. 

45 The patterns to create these sophisticated devices must 
be imaged with high fidelity and maximum resolution in 
the photolithography process. 

[0058] Photolithographic exposure systems are used 
to image the pattern of a mask onto a wafer for the pur- 

50 poses ot exposing resist on the wafer in a pre-deter- 
mined pattern. Subsequent processing of the wafer re- 
sults in the completion of layers that eventually form the 
desired device, such as an integrated circuit. 
[0059] When the mask is used in a projection lithog- 

5S raphy system : such as a laser stepper with a 5:1 or 10: 
1 reduction ratio, the mask is often referred to as a ret- 
icle. The reticle or mask is typically formed by chrome 
regions on a transparent substrate. The chrome regions 
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of the mask block the incident light, thereby imposing 
the pattern of the mask as an intensity variation on the 
light. In a 5:1 laser stepper, the pattern of .he reticle is 
reduced by a factor of 5 as imaged onto a wafer. Typi- 
cally, in this application, the beam illuminating the dif- 
fractive is relatively uniform and has a rather narrow 
cone angle of divergence, i.e., limited spatial and angu- 
lar energy distributions. 

[0060] The present invention allows for the control of 
the angular distribution of the light on the wafer. By mod- 
ifying the particular angular distribution of the light illu- 
minating the wafer, one can extend the depth of the field 
and resolving power of photolithographic exposure sys- 
tems. Additionally, the present invention is advanta- 
geous in photolithography because it is relatively insen- 
sitive to fluctuations in positioning of the incident beam 
and to fluctuations in the spatial energy distributions of 
the incident beam. 

[0061] By using the present invention, the intensity, 
angular frequency content, and pupil pattern shape of 
the exposure light used in photolithography can be con- 
trolled. Such control can improve the resolution of the 
image of the master pattern on the integrated circuit wa- 
fer. It has been found that for some master patterns, it 
is better for the light to illuminate at certain angles or 
ranges of angles. The homogenizer provides light at that 
angle while homogenizing the spatial energy provided, 
as well as providing control of other attributes of the ex- 
posure light. Such control can improve yields in semi- 
conductor chip manufacturing and other areas in which 
photolithograhpy is used. For example, referring to FIG. 
1 0, a light source (not shown) illuminates a homogenizer 
10 (shown in side view) of the embodiment of FIG. 4 
with a collimated input beam 14. The homogenizer 10 
transmits a majority portion of the incident light to the 
mask 60 at a desired angular spread, and with a prese- 
lected intensity and spatial power distribution, wherein 
the preselected spatial power distribution is uniform. 
This transmitted portion 20f, 20g acts as the exposure 
light. A master, or mask : 60 is placed close to the ho- 
mogenizer 1 0 such that there is no appreciable change 
in power distribution between the homogenizer 10 and 
the mask 60, and thus the beam is uniform at both the 
homogenizer 10 and the mask 60. Preferably, the mask 
60 is not placed at the output plane 18 (not shown). The 
master 60 is illuminated with the desired exposure light 
20f, 20g. The portion of the exposure light 20f, 20g that 
is not blocked 20h by the master 60 is transmitted by 
the master 60 and illuminates a lense 62. This portion 
20h has the desired, preselected angular spread. The 
lense 62 in turn transmits the incident light 20h such that 
the master 60 is imaged onto the subject wafer 64 with, 
for example, photoresist (not shown). The lense 62 pro- 
vides a desired reduction factor. This embodiment im- 
ages the master 60 onto the subject wafer 64 in a de- 
sired manner, particularly a desired angular spread. 
Thusly, the wafer is exposed in the preselected, desired 
manner with an exposure light with desired and opti- 



mized attributes, and a copy is provided. In this manner, 
by optimizing the exposure light as desired and needed, 
higher yields during, for example, semi-conductor chip 
manufacturing can be had. The homogenizer can be 

5 used to, for example, block zero to two degrees, allow 
two to four degrees, and block from four degrees on- 
ward. Or, for example, a top-hat, from plus three de- 
grees to minus three degrees can be provided by the 
homogenizer. Control of the angular spread and the fre- 

io quency content of the transmitted light is done by design 
of the plateaus 50 and vias 52 of the homogenizer 10, 
preferably using a computer. 

[0062] Preferably, the hologram 54 is a Computer 
Generated Hologram. Also preferably, the attributes of 

'5 the Computer Generated Hologram, including angular 
spread, are designed and chosen using a computer. The 
attributes are chosen to generate a desired, predeter- 
mined illuminated target area, a desired, predetermined 
spatial power distribution on the output plane : and other 

20 desired attributes as needed 

[0063] In designing the invention, the designer deter- 
mines the angular distribution desired. The designer de- 
signs a Fourier transform hologram, with the intensity 
distribution in the Fourier plane corresponding to the de- 

2S sired angular range. For example, the designer may 
choose a ring going from four degrees to seven degrees, 
and thus three degrees wide. This target would result in 
a hologram with a far-field diffraction pattern in output 
plane 18 of a ring. Alternatively, when used in the pho- 

30 tolithography system of FIG. 10, the hologram's output 
intensity in plane 60 would be uniform, but its angular 
distribution in plane 60 would be between four and sev- 
en degrees. The Fourier Transform hologram has a dif- 
fractive fringe pattern, or a phase-transmittance pattern, 

35 such that the Fourier Transform of that pattern corre- 
sponds to a desired transmission over a desired angular 
region. How to design a Fourier transform hologram is 
known to those of ordinary skill in the art of this invention. 
Preferably, the Fourier Transform is completed on a 

to computer. 

[0064] Typically, when taking the Fast Fourier Trans- 
form, the pattern is calculated only at discrete points. 
Typically, the Fourier Transform hologram is replicated 
in order to avoid or reduce speckle. Speckle are very 

45 bright and very dark spots of light that occur due to in- 
terference in coherent systems. In the present invention, 
the pattern is not replicated. The preferred method to 
design the Fourier Transform Hologram of this invention 
is to use an iterative computer optimization technique, 

50 such as the IDO method mentioned above and de- 
scribed in Iterative Encoding of High-Efficiency Holo- 
grams for Generation of Spot Arrays , Optics Letters, Vol. 
14, pp. 479-61, 1989 by co-inventor Feldman et al. (the 
disclosure of which is hereby incorporated by reler- 

55 ence), in which the output is the Fourier Transform plane 
and the input is the CGH plane. In the preferred embod- 
iment, incoherent or partially incoherent light, in addition 
to designing the hologram with a very large number of 
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pixels, will avoid the occurrence of speckle. A hologram 
with a very large number of pixels can provide an image 
at the output plane that is nearly continuous. A Fourier 
Transform hologram has the properly that each point in 
the output plane receives a contribution from every facet 5 
area in the hologram. 

[0065] Once designed and manufactured as de- 
scribed above, the hologram is placed in an illumination 
system. When illuminated with a collimated beam of ar- 
bitrary intensity distribution, the hologram of this exam- 10 
pie transmits a ring corresponding to the desired angle 
in a plane relatively far from the CGH. If the beam is not 
collimated, then the ring will be relatively wider, with a 
width dependent on the precise cone angle of diver- 
gence of the incident beam. In a plane relatively very 1$ 
close to the CGH, there will be seen a beam with the 
same intensity as the beam that illuminated the CGH, 
but in the relatively very close plane, the beam will con- 
tain an angular spread corresponding to that of the CGH 
combined with that of the incident beam. 20 
[0066] In the embodiment shown in FIG. 4, the holo- 
gram 54 is designed such that only designated target 
areas of the output plane are illuminated. That is, the 
hologram is designed such that a preselected spatial 
power distribution is incident upon the output plane. 25 
[0067] Referring to FIG. 4, a collimated input beam 1 4 
is incident upon a homogenizer 10 having a hologram 
54, said hologram having an array 11 of sixteen facet 
areas 56 designated by dashed lines (only one of the 
sixteen facet areas, or facets, is shown in FIG. 4 with 30 
dashed lines, all sixteen referred to are shown in dashed 
lines in FIG. 7). Each of these facet areas 56 has a ir- 
regular pattern of plateaus 50 and vias 52. No two of 
these facet areas 56 are alike. Each of these facet areas 
56 is constructed to direct any portion of a collimated 35 
optical beam 14 that is incident thereon onto a target 16 
at an output plane 18. A portion of the collimated beam 
14 is transmitted through each of the facet areas 56. 
This portion 20c, 20d has a preselected angular spread 
provided by the facet area 56. As described in the de- 40 
scription of previous embodiments, this portion, shown 
representatively as 20c, 20d : overlap the target 16. By 
this overlapping, spatial energy variation that was 
presenLon the incident beam 14 is not present at the 
output plane 1 8. Thus, at the output plane, there is uni- 45 
form spatial power distribution throughout the illuminat- 
ed portion 16, 34 of the plane 18. This distribution or 
pattern forms a beam 22. The target area, the illuminat- 
ed portion, is a preselected shape. The illuminated por- 
tion 16, 34 of the plane is preselected. In FIG. 4 it is a so 
preselected circle. The illuminated portion 16, 34 of the 
plane does not have undesired intensity variations from 
sharp edges or breaks between facets because such 
sharp edges or breaks have been removed by the use 
of irregularly patterned facets with irregularly patterned 55 
plateaus and vias. 

[0068] In the present invention, the designer can se- 
lect uniform magnitudes of spatial power for the illumi- 



nated areas of the output plane. Also, in the present in- 
vention, the designer can select different magnitudes of 
spatial power for different illuminated areas of the output 
plane. For example, in FIG. 8, the designer could select 
a spatial power level of magnitude 1 (arbitrary units) for 
the upper half of the illuminated 34 circle 1 6, and a spa- 
tial power level of magnitude 1.5 (arbitrary units) for the 
lower half of the illuminated 34 circle 16. Thus, the spa- 
tial power distribution includes both the shape of the il- 
lumination pattern on the output plane and the spatial 
power distribution within the illuminated portion. The 
spatial power distribution selected, though, is homoge- 
nized and is therefore the power distribution remains un- 
altered despite changes in the input beam power distri- 
bution. The spatial power distribution selected by the de- 
signer will depend upon the application at hand. 
[0069] A phase-transmittance pattern is a mathemat- 
ical description of the diffractive fringe pattern. That is, 
the physical diffractive fringe pattern seen, for example, 
in FIG. 7 can be described mathematically, and a phase- 
transmittance pattern describes it mathematically. Per- 
sons of ordinary skill in the art would understand phase- 
transmittance patterns and their mathematical relation 
to fringes and diffractive fringe patterns. 
[0070] Those of ordinary skill in the art of this inven- 
tion will know how to take the Fourier Transform of a 
phase-transmittance pattern. The Fourier Transform 
hologram has a diffractive fringe pattern, or a phase- 
transmittance pattern, such that the Fourier Transform 
of that pattern corresponds to a desired transmission 
over a desired angular region. The Fourier Transform is 
preferably completed using a computer. 
[0071] Binary phase elements are elements used in 
construction or manufacture of optical elements such as 
holograms. Persons of ordinary skill in the art of the 
present invention will be familiar with binary phase ele- 
ments. United States Patent No. 4,895,790 discloses 
the construction of such binary phase elements and the 
disclosure of that patent is incorporated herein. 
[0072] Changes in construction will occur to those 
skilled in the art and various apparently different modi- 
fications and embodiments may be made without de- 
parting from the invention. The material set forth in the 
foregoing description and accompanying drawing is of- 
fered by way of illustration only. It is therefor intended 
that the forgoing description be regarded as illustrative 
rather than limiting and that the invention be only limited 
by the scope of the claims. 



Claims 

1 . A system for converting an input beam into an out- 
put beam having a preselected spatial energy dis- 
tribution at a target while minimizing the intensity 
variation, the system comprising: 

a hologram (54) having a number of areas (56) 
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of diffractive fringes (70), the input beam (14) 
illuminating at least some of the areas (56); 
each area (56) of diffractive fringes (70) on the 
hologram (54) being constructed to direct any 
portion of the input beam (14) incident thereon 5 
substantially uniformly over the entire target 
(16), characterized in that each area (56) com- 
prises a plurality of irregularly patterned diffrac- 
tive fringes (70) and a pattern of each pattern 
area (56) is nominally correlated to itself and 10 
nominally uncorrelated to the pattern in all other 
pattern areas (56). 



einen Ausgangstrahl mit einer vorausgewahlten 
raumlichen Energieverteilung bei einem Target, 
wahrend die Intensitatsvariation minimiert ist, das 
System umfasst: ein Hologramm (54) mit einer An- 
zahl von Bereichen (56) von Beugungsstreif en (70), 
wobei der Eingangsstrahl (1 4) zumindest einige der 
Bereiche (56) beleuchtet, wobei jeder Bereich (56) 
von Beugungsstreifen (70) auf dem Hologram (54) 
dazu ausgebildet ist, jeden Teil des darauf auftref- 
fenden Eingangsstrahl (1 4) im Wesentlichen gleich- 
maGig auf das gesamte Target (16) zu richtea 
dadurch gekennzeichnet, 



2. The system of claim 1, wherein the target (16) cor- 
responds to a preselected spatial energy distribu- is 
tion. 

3. The system of claim 1, wherein the target (16) is 
substantially larger than each area (56). 

4. The system of claim 1 , wherein the areas (56) are 
designed with an iterative encoding method. 

5. The system of claim 1, wherein the input beam (14) 
is collimated. 

6. The system of claim 4, wherein the areas (56) are 
designed with an iterative encoding method such 
that each area (56) transmits a beam (20) with a 
preselected angular spread (32). 

7. 



8. 



9. 



10. The-system of claim 1, wherein the target (16) cor- 
responds to an output plane ( 1 8) or a target spread 
(34). 

11. The system of claim 1, further comprising a photo- 
lithographic system including a mask, wherein the 
hologram delivers illumination to the mask. 

12. The system of claim 1, wherein the hologram ho- 
mogenizes the input beam (14) over the target (16). 



Patentanspruche 

1. System zum Konvertieren eines Eingangsstrahls in 



dass jeder Bereich (56) eine Vielzahl von irre- 
gular gemusterten Beugungsstreifen (70) um- 
fasst, und 

dass ein Muster jedes Musterbereichs (56) mit 
sich selbst nominell korelliert ist und mit dem 
Muster in alien anderen Musterbereichen (56) 



The system of claim 1, wherein the output beam 
(20) has a relatively uniform spatial energy magni- 
tude and a preselected spatial energy shape. 

35 

The system of claim 1, wherein the output beam 
(20) has a preselected angular frequency spectrum. 

The system of claim 1, wherein the irregularly 
shaped diffractive fringes (70) form a pattern which 40 
is substantially continuous at edges of the areas 
(56). 



nominell unkorrelliert ist. 

2. Das System nach Anspruch 1, wobei das Target 
(16) einer vorausgewahlten raumlichen Energie- 
verteilung entspricht. 

3. System nach Anspruch 1 , wobei das Target (16) we- 
sentlich groBer als jeder Bereich (56) ist. 

4. System nach Anspruch 1 , wobei die Bereiche (56) 
mit einem iterativen Kodierverlahren entworfen 
werden. 

5. System nach Anspruch 1 , wobei der Eingangsstrahl 
(14) koilimiert ist. 

6. System nach Anspruch 4, wobei die Bereiche (56) 
mit einem iterativen Kodierverlahren entworfen 
werden, so dass jeder Bereich (56) einen Strahl 
(20) mit einer vorausgewahlten Winkelverteilung 
(32) Qbertragt. 

7. System nach Anspruch 1, wobei der Ausgangs- 
strahl (20) eine relativ gleichformige, raumliche En- 
ergiegroGe und einevorausgewahlte raumliche En- 
ergieform aufweist. 

8. System nach Anspruch 1, wobei der Ausgangs- 
strahl (20) ein vorausgewahltes, eckiges Frequenz- 
spektrum aufweist. 

9. System nach Anspruch 1, wobei die irregular ge- 
formten Beugungsstreifen (70) ein Muster bilden, 
das bei Ecken der Bereiche (56) im Wesentlichen 
stetig ist. 

10. System nach Anspruqh 1, wobei das Target (16) ei- 
ner Ausgangsebene (16) oder einer Targetvertei- 
lung (34) entspricht. 
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11. System nach Anspruch 1, das ferner ein Fotolitho- 
graphisches System mit einer Maske umfasst, wo- 
bei das Hologramm eine Beleuchtung der Maske 
liefert. 

12. System nach Anspruch 1, wobei das Hologramm 
den Eingangsstrahl (14) Gber dem Target (16) ho- 
mogenisiert. 



Revendications 

1. Systeme pour convertir un faisceau d'entree en un 
faisceau de sortie ayant une distribution spatiale 
preselectionnee de I'energie au niveau d'une cible 
tout en minimisant la variation d'intensite, le syste- 
me comprenant : 

un hologramme (54) ayant un nombre de zones 
(56) de franges de diffraction (70), le faisceau 
d'entree (14) eclairant au moins certaines des 
zones (56) ; 

chaque zone (56) de franges de diffraction (70) 
sur I'hologramme (54) etant construite de sorte 
a diriger une partie quelconque du faisceau 
d'entree (14) incident sur celle-ci sensiblement 
uniformement sur toute la cible (16), caracteri- 
se en ce que chaque zone (56) comprend une 
pluralite de franges de diffraction aux motifs ir- 
reguliers (70) et en ce qu'un motif de chacune 
des zones a motifs (56) a une correlation nomi- 
nale avec lui meme et n'a pas de correlation 
nominale avec les motifs des autres zones a 
motifs (56). 

2. Systeme selon la revendication 1 , dans lequel la ci- 
ble (16) correspond a une distribution spatiale pre- 
selectionnee de I'energie. 

3. Systeme selon la revendication 1 , dans lequel la ci- 
ble (16) est sensiblement plus grande que chaque 
zone (56). 

4. Systeme selon la revendication 1 , dans lequel les 
zones (56) sont concues avec un procede de coda- 
ge iteratif. 

5. Systeme selon la revendication 1, dans lequel le 
faisceau d'entree (14) est collimate. 

6. Systeme selon la revendication 4, dans lequel les 
zones (56) sont concues avec un procede de coda- 
ge iteratif de telle sorte que chaque zone (56) trans- 
mette un faisceau (20) avec une distribution angu- 
laire preselectionnee (32) . 

7. Systeme selon la revendication 1, dans lequel le 
faisceau de sortie (20) a une magnitude spatiale de 



I'energie relativement uniforme et une forme spa- 
tiale de I'energie preselectionnee. 

8. Systeme selon la revendication 1, dans lequel le 
5 faisceau de sortie (20) a un spectre de frequence 

angulaire preselectionne. 

9. Systeme selon la revendication 1 , dans lequel les 
franges de diffractions aux formes irregulieres (70) 

io torment un motif qui est sensiblement continu sur 
les bords des zones (56). 

1 0. Systeme selon la revendication 1 , dans lequel la ci- 
ble (16) correspond a un plan de sortie (18) ou a 

*s une distribution de cible (34). 

11. Systeme selon la revendication 1, comprenant en 
outre un systeme de photolithographic comprenant 
un masque, dans lequel I'hologramme fournit 

20 I'eclairage au masque. 

12. Systeme selon la revendication 1, dans lequel I'ho- 
logramme homogeneise le faisceau d'entree (14) 
sur la cible (16). 
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FIG. 7 
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